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© Programmable burst apparatus and technique. 



© A data processing system having a processor capable of initialing a request for a burst of data transfer and 
a memory. A memory controller Is connected to the processor and to the memory. The controller includes a 
burst count register having a value stored therein representative of the maximum number of data transfers 
allowed per burst. Also in the memory controller is a column latch/counter having stored therein a value 
representative of a column latch address. The column latch/counter is capable of incrementing the address. 
Finally, included in the memory controller is a programmable mask for specifying bits in the column 
latch/counter to be compared to corresponding bits in the burst count register. 
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The present invention relates to data processing burst access techniques and, more particularly, to a 
buret access technique In which the size of the burst can be programmed and m which the processor does 
not monitor the number of transfers of data per buret 

In data processing systems, the transfer of data and instructions from processors to memories has been 
facilitated In recent years with a technique called burst access or burst transfer. In this technique, an initial 
address is specified and the system accesses consecutive address locations sequentially for the purpose of 
reading data therefrom or storing data therein. A controller, connected between a process and a memory, is 
responsible for carrying out the buret access. The controller increments the addresses to generate new 
ones tar which data is to be accessed. 

If ten addresses are to be accessed and they are all sequential, only the first address need be specmed 
to the buret mode. After that, the subsequent nine addresses are automatically accessed. 

In certain prior art computer systems, the processor controls the burst mode transfers. The processor is 
aware of the length of data transfers within each buret and controls data transfer within that size restriction. 

In other systems, however, the processor does not keep track of how many data transfers occur within 
a buret Accordingly, it has been difficult heretofore to determine when a buret terminates. In these cases, 
the controller is responsible for keeping track of how many data transfers have taken place. 

The problem has arisen that the controller must communicate with the processor to inform it that no 
additional data transfers can be requested at a certain point after the burst has terminated. The problem Is 
particular troublesome when a processor cannot handle more than a fixed number of buret transfers. In 
cases where the processor does not keep track of the number of transfers under burst access and cannot 
handle more than a predetermined number of transfers, the problem has heretofore eluded solution. 

It would be advantageous to allow a controller to keep track of the number of transfers within a burst 
and to inform the processor when to cease requesting transfers. 

It would also be advantageous to provide a system for aligning a new buret with a complete number of 
transfers automatically, so that the efficiency of data access operations can be maximized. 

It would also be advantageous to provide for a masking function to allow only certain bits to be 

^Twouid also be advantageous to keep track of the maximum number of data transfers within a burst 

It would also be advantageous to provide a system for Informing a processor that the maximum number 
of transfers under the current burst request has been performed and that a new address with a new buret 
request must be made by the processor to continue data transfer In the buret mode. 

In accordance with the present invention, there Is provided a data processing system having a 
processor capable of initiating a request for a buret of data transfer and a memory. A memory controller Is 
connected to the processor and to the memory. The controller includes a buret count register having a 
value stored therein representative of the maximum number of data transfers allowed per burst Also in the 
memory controller is a column latch/counter having stored therein a value representative of a column latch 
address The column latch/counter is capable of incrementing the address. Finally, included in the memory 
controller is a programmable mask for specifying bits in the coiumn latch/counter to be compared to 
corresponding bits in the burst count register. 

BRIEF DESCRIPTION OF THE DRAWINGS 



A complete understanding of the present invention may be obtained by reference to the accompanying 
drawings, when taken in conjunction with the detailed description thereof and in which: 

FIGURE 1 is a schematic representation of an 8-btt electronic counter with carry inputs; 
FIGURE 2 is a simplified schematic diagram of an externally generated forced carry input circuit: 
RGURES 3-5 are schematic representations of an frbit counter separated into two sections; 
FIGURES 6-10 are schematic representations of an 1 1-bit electronic counter with cany inputs: 
FIGURES Ha-1lb taken together form a schematic circuit diagram of apparatus used to practice the 

inventive technique; , , , J . 

FIGURE 12 is a timing diagram depicting interaction of signals dunng memory access operations. 
FIGURE 13 is a simplified schematic block diagram showing the counter testing mechanism in 

greater detail; and 
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FIGURE 14 is a schematic logic diagram of the comparator logic used for burst mode operation. 



DESCRIPTION OF THE PREFERRED EMBODIMENT 



Referring now to FIGURE 1, there is shown a schematic representation of an 8-bit electronic counter 
with carry inputs, as is typical of counters used in data processing systems. The eight tits are labeled 0-7 
and. in this FIGURE, are all set to 0. The lowest significant bit is shown at the extreme leftmost part of the 
io FIGURE and the most significant bit is shown at the rightmost part 

Referring now also to FIGURE 2, there is shown a simplified, isolated logic device (multiplexer) 10 
helpful for purposes of instruction to which Is connected a preset bit level of 1, and input bit Qu where i is 
the bit position of the counter, not shown. A test bit TST, hereinbeiow explained in greater detafl, is also 
input to the select input of the multiplexer 10. When TST is high, the input 1 is selected as port 81. When 
ts TST is low, however, the state of bit i is selected as input to the multiplexer 10. The output of the device 10 
is depicted as D»* , representing the bit loaded in the next significant bit location. It reflects the status of the 
TST fine. If the TST signal is high, the I th bit is input to the device 10 and is output as a high i* 1* bit For 
example, bit 3 input to the device 10 with the TST bit high will result In a forced carry to bit 4 of the 
counter. In other words, when TST is high then the output D is high; when TST is low then the output D is 
to either high or low depending upon the value of Q. Therefore, if TST is low, then bit 3, when high, win result 
in the carry to bit 4 being high. Similarly, if TST is low and bit 3 is low, then the carry to bit 4 wifl be tow. 

Referring now also to FIGURE 3, the 8-bit counter is shown separated into a low section and a high 
section, each having tour bits. When a docking operation begins, the value of the low section and the high 
section are incremented, one bit at a time, starting with the lowed significant bit as shown in this FIGURE 
as The lowest significant bits in both low and high sections of the counter are docked substantially 
simultaneously, as hereinbeiow described. 

Referring now also to FIGURE 4, the four bits of the tow section and the tour bits of the high section of 
the counter eventually reach a maximum or highest value, consisting of ail 1's. This value of the 4-/blt 
sections is reached after 15 docking cydes. At this point ail bits 0-7 have been tested tor proper toggling 
so and all bits in the tow section have been tested tor proper carry operation. 

Similarly, aiJ four bits 4*7 of the high section of the counter have been tested tor proper carry operation. 
Moreover, a TST bit has been Introduced to bit 4, the lowest significant bit of the high section, 
simulating a carry from the most significant bit (bit 3) of the low section of the counter. 

Referring now also to FIGURE 5, there is shown the state of both sections of the counter after the 
os counter has been clocked one additional time. Note that all bits 0-3 of the tow section and all bits 4-7 of the 
high section of the counter are set to <&. This is due to the fact tharthe TST bit has been disabled, allowing 
the low section to carry over to the high section naturally (i.e., not in a forced manner), resulting in bit 4 
toggling to 0 and naturally carrying subsequent bits 5, 6 and 7 to 0 also. 

Referring now also to FIGURE 6, there is shown an 11-bit counter. All bits of the counter are set to 0 
40 initially. 

Referring now also to FIGURE 7. the 1 1 -bit counter has been separated into a 6-bit tow section and a 5- 
bit high section. After 31 dock cydes, all but bit 5 of the low section have been toggled to the value 1. 

Referring now also to FIGURE 8; the counter has been clocked one more time, resulting in all but bit 5 
being set to 0. Both low and high sections have been docked one more time resulting in the value shown in 
46 FIGURE a 

Referring now also to FIGURE 9, there Is shown both tow and high sections of the counter after 31 
more docked cydes. At this point all eleven bits are set to 1. The test bit is active from the beginning 
(FIGURE 6) through the end of the counter (FIGURE 9). 

Referring now also to FIGURE 10, after all eleven bits are set to the maximum value or the high value, 
so the test bit TST is disabled. At this point the counter is incremented once more, resulting in the most 
significant bit of the low section being carried to the least significant bit of the high section. The resultant 
value of the counter is now 0 (ail bits are set to 0). This procedure ensures that the carry operation from the 
low section to the high section is operating properly and, in particular, that bit 5 is carried to bit 6 properly. 
Titus, it can be seen that all eleven bits are tested in a total of 65 steps or dock cydes. This test of the 
55 counter is an effective, complete one, including individual toggling from 0 to 1 and from 1 to 0 per bit as 
well as carry operations from all least significant bits to all corresponding most significant bits. The entire 
counter is therefore tested in the course, of 65 clock cycles, rather than the 2° clock steps that were 
conventionally required fcr this operation. 
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tt can be seen that a counter h*** m - Jr-J. Z^t^T^^ 

Wo too nnany^onsifthe^e. of ^ to test the counter completely. It is most 

other has n+1 bits. then ^^IZZ Actions dffartng in size from one another by only one bit 

compM* by me ^™f^^^T££** as FIGURES 11a-1lb for convenience, a 
Referring now also to n ^^^^^rrying out the present invention. The FIGURE 
schematic circuit ^Z^^t^X SnSHhich conL the address path between 
11 depicts a dynamic random access m ^^ ™' ^^e, ^ an 11 -oft row latch and an 11- 

messes s^ssts.-— — . — * » - — 

^ hk5hfir half nf address Information. An Address Une tnaoie [f\ui) signal 
SSXSSS TSL latch and counter device 108. An auto/extema. um.ng Court . shown at 

reference numeral 110. 112 to connected to row refresh counter 11* by means of a 

Apower-up/pretoad I and strobe mfai column refresh counter 115. An address 
refresh line. Connected to the tow refresh counte 114 ft ^J'™ ^ ^ refresn 

or DRAMs, not shown, connected to this corrtroller reference 
ROW address strobe (RAS) and column ^J**e ^Sl^oSlZ^ There are four HAS 
-era. 124. The output- * m *«* ^124 ^^^f m ^ ent For DRAMs wrth 

f OS and bank Hh «8>M »«»«» Mma»m pantos "*» »«* *>' «™ 

suns t^sEJS? £r«»~. i— . — » - — - 

DRAMs. The counter becomes transparent wnen mux w nigu «w u ^ 

^^°fce^burstt»ock mode ol access, U» column lalch and counter 108 is incremented by ton low ooino 
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DRAMs. The register 128 is docked at the end of every access in the norma! and bank interleave access 
mode by the low going edge of RASI. 

The bank comparator 130 is a 2-bit comparator. It compares the bank address of the current access 
(contents of bank latch 126) with that of the previous access (contents of bank register 128) and generates 
s a "Bank Compare fBC) signal. The *BC signal is low if the current bank address is the same as previous 
bank address and is high if the current bank address does not match the previous bank address. 

The *8C signal is used by the external timing generator 110 during bank interleaving either to activate 
the RASI input immediately If two consecutive accesses are to two Afferent banks, or to delay the RASI 
input if two consecutive accesses are to the same bank. 
io The burst count register 132 is an 11-bit register. It is loaded via the address bus (Aio-o) 100 by the 
low going edge of the register load signal via register bad logic. This register 132 is preloaded with ail 1's 
(for a maximum burst count) In the reset mode after power-up. 

The Mask Register 134 is an 11-bit register. It is loaded via the address bus (A 10 -o) 100 by the low 
going edge of the register toad signal via the register load logic. This register 134 is preloaded with all 1's 
rs (for ail bits to participate in the comparison) in the reset mode after power-up. 

The column comparator logic 138 compares the contents of the column latch and counter 108 with 
those of the burst count register 132, which contains the end of burst count value. The contents of the mask 
register 134 determine which of the eleven bits of the column latch and counter 108 and the burst count 
register 132 participate in the comparison. 
20 The configuration register 138 is an 11-bit register, it is loaded via the address bus (Aio-o) 100 by the 
tow-to-high edge of the register load (RL) signal via the register load logic The configuration register 138 is 
programmed to select certain options, including the TST option, as hereinbeiow described 

TSTi and TST 0 bits are used for testing purposes. If either of the bits is set (1) then the active edge of 
RL win load the configuration register 138 only. These two bits are also used to test the 24-bit refresh 
25 counter. Each 11-bit row and column counter Is divided into two counters, one of six bits and the other five 
bits, as explained in the general description relating to FIGURES 6-10 hereinabove. 

If TSTi Is set (1) then the carry to the lowest significant bit of the 6-bit column counter and the lowest 
significant bit of the 2-bit counter is forced high. If TSTi is reset (0) then the carry to the lowest significant 
bit of the 6-bit column counter comes from the most significant bit of the 5-bit row counter and the carry to 
30 the lowest significant bit of the 2-bit counter comes from the most significant Wt of the 5-bit column counter. 
If TSTo is set (1) then the carry to the lowest significant bit of the 5-bit row and column counters is forced 
high. If TSTo is reset (0) then the carry to the lowest significant bit of the 5-bit row and column counters 
comes from the most significant bit of the respective 6-bit counters. Both of these bits (TST t j) are reset (0) 
in the reset mode after power-up. 
as The register load logic shown as reference numeral 140 loads the burst count 132. mask 134 and 
configuration registers 138 via the address bus 100. The reset flip flops 144 and toggle flip flops 142 
determine which register is loaded as hereinafter described. 

When the Register Load (RL) signal goes low the selected register goes transparent accepting date 
from the address bus (Aio-o) and the output of the compare logic is disabled. The data is latched into the 
40 registers on the low-to-high edge of RL and the output of the compare logic is enabled when RL is high. 

The first operation of reset after power-up is done automatically by the power-up reset logic, which 
dears the refresh counter 114,116. clears the reset flip flop 144 and toggle flip flop 142 and preloads the 
burst count 132. mask 134 and configuration 138 registers. These operations are also executed simulta- 
neously on the inactive edge of RASI while holding the Mode Control lines MC^ in the reset mode. 
46 Next, the configuration register 138 may be loaded via address bus Aio-o 100 by the active (low-to- 
high) edge of RL The next active edge of RL will load the mask register 134 also via the address bus 
Aio-o 100. The following active edge of RL will load the burst count register 132 also via the address bus 
A, o-o 100. Any further activation of the RL signals will reload the mask register 134 and the burst count 
register 132 also via the address bus Aio-o 100. Any further activation of the RL signal will reload the mask 
so register 134 and the burst count register 132 individually in that order. 

The row refresh counter 114 and column refresh counter 116 are eleven bits each and the bank refresh 
counter 148 is two bits. All three counters are synchronous. The counters 114,116.146 can be cleared by 
clocking them synchronously while holding their "clear" Inputs active. The size of the row and column 
refresh counters 114,116 are established by selecting the proper row counter output to go to the low order 
55 column counter input The selection is one by the ORAM size decoder outputs with the help of a 
multiplexer. 

The address multiplexer 118 is an 11-bit four-input multiplexer. It selects one of the four 11 -bit 
addresses as the address to the DRAMs. The four 11 -bit address busses are from the row latch 106 output 
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*» mhimn latch and counter 108 output, the row refresh counter 114 output and the column refresh 
SSLTnJ I selection of one of the four addresses is done by a multiplexer control 140. The 
coSlogic 140 generates the proper selection signal tor the address multiplexer depending on 

. ^ ^R^^o^^deo^ te and ICAS .ming s^s ^generate toe to* 
«flAS?a»dthe four bank CAS signals which In turn control the four banks of DRAMs. The decoding of the 
(qac clonal is done by the *CS, MCo, SELi* RCC signals. 

CA^enableTic 150 is used if to byte decode scheme is selected as the CAS decode scheme. Byte 
an JL?aTLded externally and are connected to the 'CASEN3-0 Input lines, which are also^putsto 
Z^^SSL AMthe "CASENa-o signals are individually gated with the ICAS signal to generate the 
" 'J^bSSKJ^S CAS mmZ 152 is a two to one. 4-bH wide ^«p^Ut ^ o^ set 
TSTSnrir to toe output depending on the CAS decode scheme bemg used ^nd the operating mode. 
Th*S& S«r control logic 1 54 elects the bank decoded CAS 124 or the byte CAS 150. 

™c7£*Z^Zr the -Bank Compare fBC) or the *ache Hit fCH) or the Termma. Count (TC) 
ts slanals as the output on the triple function pin •BQWTC. ^ Imllnr 
o utout fondlon depends on the mode control inputs. If the MC,, inputs are (0 lithe cortrolteris 
i„ m^ZTw^bbrng or initialize mode and this output acts as the terminal count in all other modes 
STmST^OUI fflandS 11 this output acts as either •Bank Compare or 'Cache Hit signal depending on 

™ nK uwnpaw » jUiiM ^ a memory access to a different bank is requested, 

as the prevtous memory access and remains acnve uran a mommy « ,^h«ta ttm basi 

Sis signal is used by the external timing generator during bank interleaving either to >MM RAS 
Jiut Edlate*if So consecutive accesses are to two different banks or to defcy the RASI .nput if two 

S M TSS«^) «•■» *° «"« «"""■" access ^ to the s.rne row and the 
^^iSSTm. signal is used by the external timing generator 110 during the 
™Z Tl ^TZ^er^S.. As terminal count this output goes active (high) whenjhe 
nCh cotnte? £Tg£ Ouough « entire count. The refresh counter 114.118.148 is automtfcally adjusted 
^oamTJ^ Sk 1 M or 4M) and number of DRAM banks (2 banks or 4 banks). These parameters 

* ^ Z^^^R^C^CoX^ (RCq bit [1] of the configuration register 138. This signal 
• mrtirato thfl and of initialization in an error detection and correction system. 

^?e pSJ ^ aTSSTteglc circuit 112 automatically presets the controller to toe *fauK 
rJ^oTT^S This drcurt 112 also generates all the signals and strobes to dear and dockthe 
co^urahonon powe«,p u configuration 138. the burst count 132 and the mask 134 registers. 

35 !S *CTJ!t ««P "OP 1* « ««* ^ter 128 and dlsabletoe 

^ZTcSU,.) inputs ^ up the Oea.rRrefoad and/or Bank Compare Enable sig^s and toe 
WghSowSge of RASI input generates the refresh, load and bank register strobes depending on the 

40 MC 'i« Ttnt mode IMC, ■ - 1 U the Clear/Preload signal is activated (1). the Bank Compare Oisable 
.•J! r„2T^anSa low going edge of RASI tatf* mode generates the refresh strobe and the 
&J£^££ZE 1H.118.148 is cleared, the configuration 138 burst c^rrM32 and 
to7n^ registers 134 are preloaded, the toggle and reset flip flops 144.142 are cleared and the "Bank 

* ^^"SESE 0) «he Cear/Pretoad signal is held Inactive (0) and the bank Compare 
n. JSJ52j?ito heW inaSve (0) and the low going edge of RASI in this mode generates the bank 
rX S. ^c^e SZ of the bank i 128 are .oaded into the bank register ,28 and the 

so ^S^XSST' 0 X) the Oear/Pratoad signal is heW inactive (0, and the Bank Compare 
oJ^^£«d 0 and the low going edge of RASI in this mode generates the 
uwhi »b™" „ unter 114 1 16 148 is incremented and the "Bank Compare output is held Inactive (high). 
m° SStST^^S^Jir^ Mode (TM) bit In toe register 138 CTM 
- oTrircurtYlO is capable of generating internal timing delays between the RAS1-MSEL and MSB.-CASL 

„ " IS JinTmode the CASUCAS.EN input acts as the CAS Input ENable (CASffiN). to this mode 
a rlnVoTerator CAS (TGCAS) signal is generated from the active (high) edge of the RASI input by the 
LXnfcSlO i and is ANOed with the CASIEN input to generate toe INTemal CAS (1NTCAS) signal. 
Xs feaSeTuse^ Mor burst mode operation. TGCAS is deactivated (low) when the RASI Input Is 
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deactivated (low). In the external timing mode. INTCAS follows the CASI input 

In summary, in the read/write mode the controller latches the row. column and bank addresses and 
multiplexes them to the DRAM array under the control of a row address strobe input (RASi) signal. Ether 
internally generated timing strobes In an auto timing mode or externally generated MSEL and CASI signals 
s in the external timing mode also control such multiplexing operations. Auto and external timing circuitry is 
provided at reference numeral 1 10. The timing option Auto or External is selected via a Timing Mode (TM) 
bit in the configuration register 138. 

The row address is latched In the DRAMs by the active (low going) edge of °RASi output, which follows 
the active (high going) edge of the RASI input The address lines are then switched to column address by 
to either an internally generated signal in the auto timing mode^r by pulling MSEL active high in the external 
timing mode. The column address is latched in the DRAMs on the active (low going) edge of the "CAS, 
output which tallows either an internally generated signal in the auto timing mode or the active (high going) 
edge of CASI input in the external timing mode. 

The read/write mode of the controller may be optimized for the shortest memory access time. This 
r 5 optimization in done in three different ways. 

First the controller is designed to support burst/block access when requested by the processor. In this 
mode, the initial row. column and bank addresses are latched and subsequent column addresses are 
generated internally by the controller. Hence, consecutive memory locations are a ccess e d at high speed 
without the processor actually generating each memory location address. This type of transfer can be used 
zo by high performance processors to fill on-chip or external caches, when a caches miss occurs. 

Second, in the 'cache* access mode, the "RASi output is held active (low) and any location in that row 
is accessed only by changing the column address. In this way, the entire row appears as if it were a cache, 
since any access within the row can be made at high speed. For the •cache" access mode, the Bank 
Interleave (Bl) bit In the configuration register 138 is reset (0). The row and bank a dd ress es of consecutive 
25 accesses are compared. If the row and bank addresses of consecutive acc es s e s match, the "Cache Hit 
fCH) signal goes active (low) and informs the timing generator 110 not to deactivate the RASI input but 
only to toggle the CASI/CASIEN input If the row and bank addresses of consecutive accesses do not 
match, the *CH signal goes inactive (high) and informs the timing generator 110 to deactivate the RASi input 
and start a new RASI cycle after the current cycle has been precharged. When the RASI input is 
30 deactivated.. Its low going edge loads the row 107 and bank 128 registers with the contents of the row 108 
and bank 126 latches respectively, saving the new values tor the next comparison. 

Third, the controller can be configured to support bank interleaving by connecting the two lowest 
significant bits of the processor address to the bank select lines and by setting (1) the Bank Interleave (Bl) 
bit in the configuration register 138. Accesses made to consecutive locations will be in adjacent banks. 
35 Hence, the entire memory array can be refreshed by stepping through the row address counter once. A row 
refresh counter 114 is updated to the next refresh address by the inactive (high-to-tow) edge of the RASI 
input When memory "scrubbing" is performed, both the row and column address counters are used, in this 
case, all four corresponding rows are refreshed and one location of one row is "scrubbed" (l.e., a 
read/modify/write cycled is performed). An entire memory array can be "scrubbed" by stepping through the 
40 row, column and bank address counters once. 

The input signals are shown on the left side of the FIGURE and are described hereinbelow. All inputs 
and outputs are TTL compatible. All signals and strobes are standard TTL unless otherwise stated. 

Aat-Ao (Address Inputs 21-0). shown at reference numerals 100 and 102. drive the ORAM address lines 
Qi o-o 122 when the controller is In read/write mode. Ato-o 100 are latched as the column address, and will 
49 drive Qio-o 122 when the MSEL (Multiplexer SELect) signal is high and the controller is in the read/write 
mode. A? wit 102 are latched as the row address and will drive Qio-o 122 when MSEL is low and the k 
controller is in the read/write mode. The addresses are latched by the low going edge of the Address Latch 
Enable (ALE) signal. * 
Selt ( o (Bank SELect i, 0 ) are the two highest order address bits when in normal access or burst/block 
so access mode, but the two lowest order in the bank interleave mode. In either case, SELf * are used in the 
read/write mode to select which bank of memory will receive the "RAS» and *CASi signals when RASI and 
CASI go active high. The *CASi signals will not be decoded from SEL 1j0 if the byte decode scheme is 
selected. 

ALE (Address Latch Enable) signal 104 causes the row latch, (he column latch and counter 108 and the 
55 bank latch 126 to become transparent allowing the latches to accept new input data. A low input on ALE 
104 latches the input data, assuming it meets setup and hold requirements. 

MSEL/MSELEN (Multiplexer SELect/Multiplexer SELect ENab(e) is a dual function input In the external 
timing mode (TM => 1 in the configuration register 138) this input acts as MSEL and in the auto timing 
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morfft rm = 0) it acts as MSELEN. in the external timing mode iNTemaJ Multiplexer SELect (|^™SEL) 
^2 Sows the MSEL JuUn the auto timing mode the Timing Generator Multiplexer saect (TCMSEL) 
S3 fs^eSefhfm XRAS. input and is gated with me MSELEN input to generated the INTMSEL 

**H; h„rt. c^as when INTMSEL is high the column address is selected, while the row address Is 
5 sfl lel5te^SEl ^ addrL may come from either the addre* latcl.es ana counter t08. 
SfX !X mfro* ridross counter 1 14,116.148 depending on MC,* as hereinbelow descnbed 
,fl8, 4 a w£?jr?3 to enable the con*,.*. When "CS is ac^. ****** operates 
„ K rz. ™ „L, vvhen -CS aoes inactive, the device will not enter the read/write mode. 

10 con^Ue elTthe hign.m^dance state. The "OE signa. allows ^^J^ 0 ^ to ^ ** 
samVmemory. thus providing a method for multiple access to the same memoryaray. 

M^MoceCom^i inputs are used to specify which of the tour operatrng "Odes^a^mjer 
should to S The four .unctions of mode control are shown hereinbelow ,n Table 1. Mode Control 

is Function Table. 
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TABLE 1. MODE CONTROL FUNCTION TABLE 



Mode Control 
Setting 



Operating Mode 



MC-, 



MC r 



Refresh Without Scrubbing 

a) RAS Only Refresh: -.Refresh cycles are 
performed with only the row counter 
generating addresses. In this mode, 
all four *RAS i outputs are active 
while the four *CAS^ signals are held 
inactive. 

b) CAS Before RAS Refresh: Refresh 
address is generated internally by the 
DRAMs. In this mode, all four *CAS jL 

. outputs are active followed by all 
four *RAS i outputs going active. 



Refresh with Scrubbing/Initialize 
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This node may be used only in systems 
with EDC capability. In this mode, 
refresh cycles are performed with both 
the row and column counters generating 
the addresses. MSEL is used to select 
between the row and column addresses. 
All four *RAS i signals go active in 
response to RASI, while only one *CAS i 
output goes active in response to 
CASI. *CAS i output is decoded from 
the bank counter. This made is also 
used to initialize .the memory by 
writing a known data pattern and 
corresponding check bits. 

Read/Write 

This mode is used to perform 
read/write operations. The row 
add ress is taken from the row latch 
and the column address is taken from 
the column latch counter. Sel^g are 
decoded to determine which *RAS i and 
*Case. will be active. 

Reset 
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TO 



IS 



20 



This mode is used to clear the refresh 
counter, the reset and toggle flip 
flops, and preload the burst count 
register , the mask register and the 
configuration register* The above 
operations are performed on the 
high- to-low transition of RASI. In 
this mode, all four *BAS i outputs are 
driven active (low) in response to 
a RASI going active (high) so that 
DRAM wake-up cycles may be performed* 



Q tw (Address Outputs ,0-0) 122 drive the DRAM address inputs The drivers on these tines are 
*s specified at 500 pF capatitive load. 

RASI (Row Address Strobe Input) signal is used as follows. During normal memory cycles, one of the 
decoded "RASf output signals ("RASi. *RASa, TOSi ofRASo) is forced low after RASI goes active Wgh. In 
either refresh mode, all four "RAS, outputs go low after RASI goes active Wgh. If auto timing is enabled by 
circuit 110, the Wgh going edge of RASI aJso initiates the Internal timing cycle and its low going edge 
30 terminates the internal timing cycle. - 
•RAS3-0 (Row Address Strobe j-*) provide a "RAS f signal to one of the four banks of the dynamic 
memory. Each will go low when selected by SB.,* and only when RASI goes high. All tour go low In 
response to RASI in the refresh modes. All the outputs are specified at 350 pF capacftlve load and have 
weak pull-up resistors on them to avoid accidental starting of a cycle. 
3S CASI/CASIEN (Column Address Strobe Input/Column Address Strobe Input Enable) is a duaJ function 
input In the external timing mode (TM 3 1 in the configuration register 138). this input acts as CASI. In the 
auto timing mode (TM * 0) it acts as CASIEN. . 

In the external timing mode the INTemai Column Address Strobe signal (INTCAS) follows the CASI 
input In the auto timing mode the Timing Generator Column Address Strobe (TGCAS) is generated from 
40 the RASI input and is gated with the CASIEN input to generate the INTCAS signal. 

When used as CASI with the bank scheme as the CAS decode scheme, the internally decoded *CASt 
output rCASa, XAS2. "CASi or "CASo) is forced low after CASI goes active. When used as CASI with the 
byte scheme as the CAS decode scheme, the selected "CAS, output is forced tow depending on the 
externally decoded *CASEN» byte inputs after CASI goes active. 
45 when used as CASIEN with the bank scheme as the CAS decode scheme, the decoded *CAS| output Is 
forced low. if both the internally generated TGCAS and the CASIEN signals are active. 

•CAS3-0 (Column Address Strobe 3 -o) outputs each provide a 'CAS* signal to one of the four banks of 
the dynamic memory. Each will go active when selected by SELi-o in the bank scheme or when selected 
by *CASEN 3i "CASENa, "CASENi, *CASENo in the byte scheme and oniy when CASI goes active in the 
so timing mode and when CASIEN and TGCAS go active in the auto timing mode. All the outputs are 

specified at 350 pF capadtfve load and have weak pulhjp resistors on them to avoid accidental starting of a 
cycle. 

"CASEN3-0 (Column Address Strobe Enable 3-0) are decoded externally to handle byte operations 
when the byte scheme is used as the CAS decode scheme. The timing generation may be Auto or 
ss External. Only those B CAS? outputs will be activated whose corresponding "CASEN, inputs are activated by 
the external byte decode circuit 

RUCC (Register Load/Column Clock) is a dual function input applied to an RUCC decoder 18B. The 
function depends on the Mode Control inputs (MCi, fl ). If MC lt0 = 1 1. the controller is in the reset mode. 
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This input acts as the register toad signal. If MC^ ■ 1 0, the controller is in the read/write mode and this 
input acts as the column dock signal. When used as register load, the low-to-high edge of this signal loads 
either the burst count register 132, or the mask register 134 or the configuration register 138 via the Aio-o 
address inputs 100. The burst count register 132 indicates the number of memory accesses permitted in 

s the burst or block mode of transfer and the mask register 134 indicates which bits of the burst count 
register 132 participate in the column address compare in the burst or block mode of data transfer. The 
configuration register 138 indicates the different configuration selected. When used as column dock, the 
high-to-iow edge of this signal Increments the column counter, the output of which goes to do-o 122 via 
the address multiplexer 118 and also to the DRAM page boundary logic and the column compare logic. 

jo -BCTCH/TC {"Bank Compare/Cache HitTTerminal Count) is a triple function output The function 
depends on the mode control inputs and the Bank Interleave (BI) bit in the configuration register 138. If the 
Md t0 inputs are [0 1], the controller is in the refresh with scrubbing or initialize mode and this output acts 
as the terminal count 

In ail other modes with MCi, 0 [0 0], [1 0] and (1 1] this output acts as either the *8ank Compare signal if 

rs 81=1 or as 'Cache Hit signal if Bl=»0. As "Bank Compare this output goes active, (low) when the current 
memory access is to the same bank as the previous memory access and remains active until a memory 
access to a different bank is requested. This signal is used by the external timing generator 110 during 
bank interleaving to either activate the RASI input immediately if two consecutive accesses are to two 
different banks or delay the RASI input if two consecutive accesses are to the same bank. As "Cache Hit 

20 this output goes active (low) when the current memory access is to the same row and the same bank as the 
previous access. This signal is used by the external timing generator 110 during the cache mode to allow 
the RASI signal to remain active. As terminal count this output goes active (high) when the refresh counter 
has gone through an entire count The refresh counter is automatically adjusted for DRAM size (84K, 258K, 
1M or 4M) and number of DRAM banks (2 banks or 4 banks). ORAM configuration is programmable via the 

25 RAS/CAS configuration bit of the configuration register 13a This signal is used to Indicate the end of 
initialization in an error detection and correction (EDC) system. Initialization is writing a known data pattern 
with a corresponding check bit pattern into the entire memory array before the memory is used. 

EBM (End Burst/Clock Mode) is used only In the burst or block mode of data transfer. It indicates to the 
processor that the controller cannot perform any more data transfers in the burst or block mode because of 

30 one of two reasons: the DRAM page boundary is reached, in which case a new row address Is required 
from the processor or the allowable number of transfers as indicated by the burst count register 138 have 
been performed. 

The burstfblock access mode is used by processors or other electronic devices known as masters 
using a cache memory, in this access mode the processor provides the initial memory address and then 

as requests a burst access. If the controller or slave acknowledges the burst request the processor expects 
the controller to access consecutive memory locations without the processor providing any further memory 
address. The access may be terminated by either the processor or by the controller. 

This type of operation frees the address bus and allows faster memcry accesses. Since consecutive 
memory locations are accessed, most of them fall on the same row on the ORAM and hence the row 

40 address need not be changed. Only the column address need be incremented for consecutive memory 
address generation. Since the row address need not be changed, the row address strobe need not be 
deactivated and then again reactivated, which saves on the RAS precharge time, which is on the order of 
the DRAM access time. This in turn, allows faster access times. 

An alternate embodiment of burst access mode consists of ending the burst access mode differently. 

46 The controller keeps track of the number of accesses being made and allows only a fixed number of 
accesses which the processor can handle. The burst count register and the mask register are used on the „ 
controller to handle these types of burst accesses and to signal the processor when the programmable 
number of transfers are executed. 

Another embodiment of the burst access mode consists of the processor making a normal access 

so request and the controller always making four accesses to the memory. The four accesses are consecutive 
but in wrap around order. In this type of access if nibble mode DRAMs are used, the initial access is marie 
in a normal way and the next three accesses are made by simply toggling the 'CASi strobe. If, however, 
normal DRAMs are used, the initial access is made in the normal way and the *RAS| strobe is held active 
for the next access. The column counter is clocked by the Column Clock (CC) signal and the XASi is 

55 toggled. This procedure is repeated for two more accesses. 

The controller also supports "cache" access mode. In this mode of access the "RASi output is held 
active (low) and any location in that row is accessed only by changing the column address, thereby making 
the entire row appear as a cache, since any access within the row can be made at high speed. For the 
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-cache' access mode, the Bank Interleave (81) bit in the configurator, register te J^f.Ttonwarrf 
bLTaddresses of consecutive accesses are compared. If the row and bank addresses of consecutive 
* match, the "Cache Hit fCH) signal goes active (tew) and informs the timing fle™^* % 
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deactivate the RASI Input but only to toggle the CASVCASiEN Input If tharow and bank 
consecutive accesses do not match. tha "CH signal goes inactive (high) and informs the timing generator to 
SSvaTme RASI input and start a new RASI cycle after the current cycle has gonettirough aprechan^ 
When the RASI input is deactivated, its tow going edge loads the row and bank registers with the contents 
of the row and bank lathes respectively, saving the new values for the nert comparisw 

Referring now also to FIGURE 12 there is shown a timing diagram of sKjnals ALE. RASI. "^^and 
•CH (row compare signal). At point A, marking the beginning of thecyde. *e^ row ad^fa totohed 
and die RASI signal goes high. At point 8. the next row address is latched In and. if a compa^wrth the 
previous row address is unsuccessful, the RASI signal goes tow for the precharge time and Jen goes i Ngh 
toVaccessing the row address. At point C. another row address Is latched in andjn this cas*.f the 
comparison between the present row address and the previous row address Is successful fl.e.. both row 
addresses are on the same row), then the RASI line is maintained in a high state, "voiding the precharge 
time required when the comparison is unsuccessful. Therefore, what is shown in this FIGURE is a new row 
address at point A. a new row address at point B. the same row address at point C as appeared at point B 
and the same row address In point Das appeared at points B and C. 

A precharge time is required for the RASa line every time the One goes high. The RAS One must be 
a low as a requirement of the DRAM that H accesses. „,,__ ^, 

Referring now also to FIGURE 13 there is shown a Mock diagram of the circuitry In FIGURE M that is 
used for testing the counter. The circuitry is normally implemented only during testing but before shipm ent 
to a customer. The configuration register 138 generates a TST signal to a multiplexer 200 (shown as 
reference numeral 10 in FIGURE 2). Operation of the multiplexer 200 is described In connection wiih the 
as description of RGURE 2 hereinabove. A S-btt and 5-bft counter are attached to the multiplexer 200 and in 
combination torn the row refresh counter 114 and column refresh counter 116. as shown in RGURE 11. 

The counters t14. 118 are shown in this FIGURE 13 for use as a carry between the 5-bit and the 6-bit 
portion of an 11 -bit tester. The output of the counter 114. 118 is applied to the address multiplexer 118 and. 
by means of the buffer 120. to the address line 122 which is applied to the ORAM, as described in greater 
so detail hereinabove. It should be noted that address line 122 la not applied to the DRAMs during testing. 
FIGURE 13 is shown for simplicity. It should be understood, however, that another block 114. 116. which 
includes a multiplexer 200 and a 9-bit and a 5-bit counter. Is actually applied to another of the input lines to 
the address multiplexer lia Thus, as can be seen in RGURE 11. two 11-bit buses are applied to the 
address multiplexer, one from the row refresh counter 114 and the other from the column refresh counter 

35 116 

Referring now also to RGURE 14, there is shown a logic diagram of the internal workings of comparator 
logic 136. as first shown in FIGURE 11. A plurality of EX-NOR gates 210-230 have applied to them on a 
single bit basts a column latch/counter signal and a burst count register signal. That is, each signal is 
applied to each logic device 210-230 tor each of the bits to be processed. Two bits are compared at a time. 

40 In this example, eleven sets of bits ar processed. The column latch/counter register is shown at reference 
numeral 108 (RGURE 11) and the burst count register is shown at reference numeral 132. The output of the 
EX-NOR gates 210-230 is an intermediate comparison signal 210a-230a. 

The mask register 134 has values loaded tor each bit by the processor. The mask register bits are 
ORed on a bit by brt-basis with the intermediate comparison signals 2l0a-230a bY means of OR gates 232- 

45 252. The resulting bit signals are applied to an 11-input AND gate 254, resulting in a Comparator Output 
signal. If the Comparator Output signal Is high, it indicates that the unmasked portion of the column 
latch/counter 108 compares favorably with the unmasked portion of the burst count register 132, resulting in 
an end of burst condition. 

An End of Burst Mode (EDM) signal is generated when either the Comparator Output signal is high from 
so the 11-input AND gate 254 or the DRAM page boundary logic 158 indicates that the end of a page has 
been reached in the DRAM. In either case, the processor, not shown, will be informed that no more data 
can be transferred within that processed burst Alignment of the next burst is automatic at this point due to 
the fact that the previous data which formed a complete or a partial burst has been terminated. From this 
point on. all bursts are aligned. The number of accesses in the next burst will be the total maximum number 
55 of transfers per burst 

Since other modifications and changes varied to fit particular operating requirements and environments 
win be apparent to those skilled in the art the invention is not considered limited to the example chosen for 
purposes of disclosure, and covers ail changes and modifications which do not constitute departures from 
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the true spirit and scope of this invention. 



Claims 

5 

1 . In a data processing system comprising a processor capable of initiating a request for a burst of data 
transfer and a memory, the improvement comprising a memory controller operatively connected to said 
processor and to said memory, said controller comprising: 

a) a burst count register having stored therein a value representative of the maximum number of data 
ro transfers allowed per burst; 

b) a column latch/counter having stored therein the value representative of a column latch address 
and being capable of incrementing said address; and 

c) a programmable mask for specifying bits in said column latch/counter to be compared to 
corresponding bits in said burst count register. 

75 2. The data processing system in accordance with claim 1 wherein said memory comprises a dynamic 
random access memory. 

3. The data processing system in accordance with claim 1 wherein said processor is incapable of 
monitoring the number of data transfers that occur within a burst of data transfers. 

4w The data processing system in accordance with claim 3 wherein said column latch/counter is initially 
20 loaded with a starting address for the burst of data transfers specified by said processor. 

5. The data processing system in accordance with claim 3 wherein a data transfer of less than a whole 
predetermined burst length is performed by said controller and ail consecutive bursts thereafter are afigned 
so that only full burst lengths are subsequently transferred. 

6. The data processing system in accordance with claim 1 wherein said bits in said column 
25 latch/counter are compared to said corresponding bits In said burst count register by means of comparator 

logic means operatively connected to said programmable mask. 

7. The data processing system in accordance with claim 6 wherein said comparison of said burst count 
register bits with said column latch/counter bits is performed on a bit by bit basis. 

8. The data processing system in accordance with claim 1 wherein said programmable mask is 
ao programmed by said processor. 

9. A technique for aligning consecutive burst accesses In a data processing system having a processor 
and a memory, the steps comprising: 

a) loading a burst count register with a value representative of the maximum number of data transfers 
permitted in a data transfer burst 
35 b) toatflng a loadable counter with a value representative of a memory address to be accessed; 

c) comparing the bits In said burst count register with the corresponding bits in said counter on a bit 
by bit basis to generate intermediate comparison signals, one signal for each set of compared bits; 

d) masking said intermediate comparison signals on a bit by bit basis with a mask value to generate 
masked output values; and 

40 e) ANOing ail of said masked output values to generate a comparator output signal, said comparator 

output signal indicative of an end of burst when said comparator output signal is high. 
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COLUMN LATCH/COUNTER (Bll jj) 
BURST COUNT REGISTER (Bit 0) 
MASK REGISTER (Bit 0) 

COLUMN LATCH/COUNTER (Bit 1) 
BURST COUNT REGISTER (Bit 1) 
MASK REGISTER (Bit 1) 

COLUMN LATCH/ COUNTER (Bit 2) 
BURST COUNT REGISTER (Bit 2) 
MASK REGISTER (Bit 2) 

COLUMN LATCH/COUNTER (Bit 3) 
BURST COUNT REGISTER (Bit 3) 
MASK REGISTER (Bit 3) 

COLUMN LATCH/COUNTER (Bit 4) 
BURST COUNT REGISTER (Bit 4) 
MASK REGISTER (Bit 4) 

COLUMN LATCH/COUNTER (Bit 5 ) 
BURST COUNT REGISTER (Bit 5 ) 
MASK REGISTER (Bit 5) 

COLUMN LATCH /COUNTER (Bit 6) 
BURST COUNT REGISTER gj g 
MASK REGISTER t B,t e ' 

COLUMN LATCH/COUNTER (Bit 7) 
BURST COUNT REGISTER (Bit 7) 
MASK REGISTER (Bit 7) 

COLUMN LATCH/COUNTER (Bit 8) 
BURST COUNT REGISTER j(BIt 8) 
MASK REGISTER (Bit 8) 

COLUMN LATCH/COUNTER (Bit 9) 
BURST COUNT REGISTER* (Bit 9) 
MASK REGISTER (Bit 9) 

COLUMN LATCH/COUNTER (BIt1/)) 
BURST COUNT REGISTER (Bltip) 
MASK REGISTER (BUI^) 
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